This study was conducted to evaluate the effect of early diet dilution with 40% rice hull on growth performance, carcass characteristic and composition of meat-type ducks, and to reveal the possible mechanism for decreased body fat deposition. 160 1-day-old White Peking ducks with initial body weight of 44.5±1.0 g were allotted to two treatments with 8 replicate pens per treatment and 10 ducks per pen (5 male and 5 female). Ducks were fed with the experimental starter diets diluted with 0% (control, RH0), 40% rice hull (RH40) during 8 to 14 d of age, respectively. Thereafter, all ducks were fed with grower diet. Ducks fed with RH40 diet from 8 to 14 d of age increased (p<0.05) feed intake, decreased (p<0.05) body weight, body weight gain and adjusted feed intake (excluded rice hull), abdominal fat, skin with fat, and fat content in carcass, and reduced (p<0.05) activities of hepatic malic dehydrogenase, glucose-6-phosphate dehydrogenase and fatty acid synthetase. When diet dilution was withdrawn in the re-fed period from 15 to 42 d of age, full compensatory growth of body weight, breast meat and leg meat weight were attained. However, ducks were still less (p<0.05) carcass fat content and showed continually lower (p<0.05) hepatic lipogenic enzyme activities at the market age in RH40 ducks than the control. These results indicated that diluting diet with 40% rice hull during 8 to 14 d of age might be a suitable method to improve feed efficiency, and to reduce carcass fat deposition in the production of meat-type ducks.
Introduction
At market age, Peking duck carcasses contain up to 30% of fat (Leeson et al., 1982) . Excessive fat results in not only a poor feed conversion, high cost of production and inefficiency production, but also an undesirable marketing reflection due to health concern of consumers (Knizetova et al., 1991; Plavnik et al., 1982) . Therefore, improvement in carcass quality by decreasing carcass fat deposition has become a hot topic in meat-type duck production industry.
Several studies have shown that early feed restriction could decrease fat content and increase protein deposition in carcasses, thus resulting in the improved carcass composition in broiler chickens (Jones and Farrell, 1992 ; Nielsen et al., 2003). Many investigators had attributed such results to lipogenic responses (Rosebrough et al., 1986) , and control of hyperplasia and/or hypertrophy of adipocytes (Zhong et al., 1995; Zubair and Leeson, 1996) . Metabolic programming may be defined as a physiological process whereby early adaptation to a nutritional stress permanently changes the physiology and metabolism of the organism and continues to be expressed even in the absence of the stress that initiates it (Lucas, 1998; Patel and Srinivasan, 2002) .
Among various feed restriction regimens, researchers noted that diet dilution at early age have an advantage for practical application and is a rather easy way to induce growth retardation and meet the requirement of animal welfare (Hassanabadi and Nassiri Moghaddam, 2006 ; Rezaei et al., 2006). Furthermore, to the best of our knowledge, there was no report conducted to investigate the relationship of feed regimen and body fat content and metabolic programming in meat type Peking ducks. We hypothesized that diet dilution may also responsible for the decreasing of body fat content of meat type ducks and changing the metabolic programming, as previously mentioned what had happened in broilers (Jones and Farrell, 1992; Nielsen et al., 2003) . Thus, we conducted this trial to examine the effect of early diet dilution with rice hull on growth performance, carcass characteristics and composition, activities of hepatic lipogenic enzymes and lipid metabolize programming in Peking ducks.
Materials and Methods
The protocol of current study was reviewed and approved by Hubei Province Institutional Animal Care and Use Committee.
A total of 160 1-day-old White Peking ducks provided by the local commercial hatchery (Wuhan Chunjiang Poultry Co., Ltd., China) were randomly allotted to two treatments with 8 replicate pens per treatment and 10 ducks per pen (5 male and 5 female). Ducks were raised in 200× 120×70 cm (length × width × height) pens with wire floor. The light regime was set at a 23 h: 1 h light-dark cycle. The temperature of the house was set at 32 o C and a 1 o C decrement every two day was applied until it reached 22 o C and then maintained this temperature. During 1 to 7 d of age, basal starter diet was given to all ducks. Ducks were fed with the experimental starter diet diluted with 0 (100% starter basal diet + 0% rice hull , RH0) and 40% rice hull (60% basal diet + 40% rice hull, RH40) from 8 to 14 d of age. Thereafter, ducks were fed with identical basal grower diet up to 42 d of age. All basal diets were formulated to meet the nutrient requirements according to NRC (1994) ( Table 1) . Birds were fed ad libitum access to feed and fresh water.
Ducks were weighed at 7 d, 14 d and 42 d of age, and feed intakes were recorded daily based on replications. Body weight gain (BWG), feed intake (FI) and feed : gain ratio (F : G) were calculated according to these data. No mortality was observed throughout the experimental period.
At 14 d and 42 d of age, 16 ducks per treatment (1 male and 1 female per pen) with similar body weight to the pen average body weight were euthanized by decapitation. The liver was carefully removed immediately, and was quickly snap-frozen in liquid nitrogen, and then stored at -80 o C for subsequent analysis.
At 14 and 42 d of age, 16 ducks per treatment were used for carcass analysis. After feed deprivation overnight, 2 birds (1 male and 1 female) were selected randomly from each pen, individually weighed, sacrificed by cervical dislocation. After thoroughly bleeding, the carcasses were plucked and eviscerated manually. Abdominal fat (including mesentery fat), breast meat (including pectoralis major and pectoralis minor), leg meat (including thigh and drumstick), and skin with fat were excised manually and weighed, and then returned to the carcass. The eviscerated carcass with gastrointestinal tract (washed away digesta with 0.9% cold sodium chloride solution) and viscera, except for blood, digesta and feathers, were weighed and frozen at -30 o C until further composition assay. All weights data, including eviscerated carcass, breast meat, leg meat, skin with fat, and abdominal fat, were expressed as a percent relative to live weight before slaughter.
The moisture, crude fat, crude protein and crude ash contents of eviscerated carcasses was analyzed according to the method of AOAC (1984). Liver were pre-treated according to method described by Tan and Ohtani (2000) . The hepatic activities of malic dehydrogenase (MDH), glucose-6-phosphate dehydrogenase (G-6-PDH), and fatty acid synthase (FAS) were determined according to the methods described by Colowick and Kaplan (1955), Bergmeyer et al. (1974) , Gibson et al. (1972) , respectively. Protein concentration of solutions used for enzyme assay was determined by Coomassie brilliant blue method using protein assay kit (Nanjing Jiancheng Technology Co., Ltd., China). Enzyme activities were expressed as nano-mole of NADPH production (MDH and G-6-PDH) or NADPH consumption (FAS) per min per mg protein at 37 o C. All data were statistically analyzed by a one-way ANOVA using the GLM procedure of SAS (2000) as a completely randomized design. Results were expressed as the SEM. Probability values less than 0.05 were considered significant.
Results and Discussion
Feed restriction has been well investigated in poultry production to improved the feed efficiency and decreasing the breeding cost (Zubair and Leeson, 1994) . Although early feed restriction reduces growth performance, compensatory growth in the re-feeding period will be attained to acceleration organism growth to reach the normal weight (Hornick et al., 2000) . Tan et al. (1999) reported that fully growth compensation at 47 d of age was attained from all levels of restriction in female White Peking ducks fed with 80, 60, 40 and 0% of ad libitum intake from 8 to 14 d of age. Tan and Ohtani (2000) reported that Peking ducks have similar body weight at 49 d of age when the ducks were fed ad libitum, 50% of ad libitum, 50% rice hull-dilute feeding, and skip day feeding during 8 to 14 d of age. In current study, ducks was fed with diet diluted with 40% rice hull between 8 to 14 d of age. The body weight of RH40 ducks was lower than the RH0 ducks at 14 d of age. This may due to reduced growth rate of tissues during feed restriction (Hornick et al., 2000) . The body weight of the RH40 ducks was close to the RH0 ducks at 42 d of age. This result indicated that full compensatory growth was obtained during 15 to 42 d of age, which is consistent to the previously mentioned reports (Tan et al., 1999; Tan and Ohtani, 2000) . This observation suggested that diet dilution as a kind of restrict feeding in meat-type ducks might be available in practical application.
During the diet dilution period (8 to 14 d), ducks in RH 40 treatment consumed more (p<0.05) feed and had greater F : G than ducks in RH0 treatment. This result was in agreement with Zubair and Leeson (1994) , who reported that nutrition restricted chickens have high level feed intake relative to body weight. This result indicated that diluted diet was lower in nutrient and energy density than RH0 diet and ducks need to consume more feed to maintain body function. No difference was observed in FI (p> 0.05), but, F : G was lower (p<0.05) in RH40 treatment compared with the RH0 ducks during the re-alimentation period (15 to 42 d). There was no difference in FI and F : G between the RH0 and RH40 treatments (p>0.05) during the overall period of the experiment (1 to 42 d) . These results showed that the diluted re-fed ducks gained more weight while consumed the same amount of feed with RH0 ducks during the period of re-feeding. Similarly, Tan and Ohtani (2000) reported that the diluted refed ducks enhanced digestion and absorption of nutrients compared with the control ducks after the period of diet dilution. It seems that the increased growth rate of diluted re-fed ducks in the present study could be partly due to better nutrient utilization, which may contribute to compensatory growth and improved feed efficiency. The adjusted feed intake (excluded rice hull) and F : G (Table 2) in RH40 ducks were decreased (p<0.05) compared with in RH0 ducks during 1 to 42 d. This result indicated that the feed consumption was decreased when ducks were fed rice hull diluted diet. If we considering about the low price of rice hull, the improved feed efficiency would benefit the production of Peking ducks.
The live body weight of ducks was higher in RH0 treatment than those in RH40 treatment (p<0.05) at 14 d of age. The weights of eviscerated carcass, breast meat, and leg meat in RH40 ducks were lower than in RH0 ducks at 14 d of age. The weight of skin with fat and abdominal fat in RH40 ducks was reduced (p<0.05) compared with in RH0 ducks both at 14 and 42 d of age. The moisture content was increased (p<0.05) in RH40 ducks compared with RH0 ducks at 14 d of age. The crude fat content was lower in RH40 ducks than in RH0 both at 14 and 42 d of age (Table 3) .
At 14 d of age, the difference of live weight was significant (p<0.05) between RH40 treatment and RH0 treatment. Similarly, weights of eviscerated carcass, breast and leg meat, skin with fat, abdominal fat and the crude fat content of carcass decreased (p<0.05) in RH40 ducks compared with in RH0 ducks (Table 3 ). This result indicated that the growth rate of carcass, breast meat, leg meat, and abdominal fat were decreased in RH40 treatment compared with RH0 treatment. This phenomenon was confirmed by Hornick et al. (2000) who suggested that this may be due to reduced growth rate of tissues which caused by feed restriction. At 42 d of age, there was no difference in eviscerated carcass, breast and leg meat between the two treatment groups. This means that the contents of eviscerated carcass, breast meat and leg meat were recovered from early age diet dilution. However, the skin with fat, abdominal fat and the crude fat content of carcass were lower (p<0.05) in RH40 ducks than in RH0 ducks. These results indicated that early diet dilution unaffected eviscerated carcass, breast and leg meat content. However, reduced carcass fat content in RH40 ducks compared with in RH0 ducks at 42 d of market age. It is likely that refeeding the basal diet after diet-diluted period allowed RH40 ducks to exhibit catch-up growth not only in body weight but also in muscle tissues. The finding of unaffected breast and leg meat content in current study was in consistent with Pinchasov et al. (1988) and Hayashi et al. (1990) . Pinchasov et al. (1988) reported that feed deprivation caused a decrease in the breast muscle weight and re-feeding resulted in an increase in growth rate of breast muscles. Hayashi et al. (1990) showed that fasting re-feeding broiler chickens exhibited an increased rate of muscle protein turnover during the re-feeding period. The observation of uncompensated carcass fat content of this trial was in agreements with Plavnik and Hurwitz (1985) ; Cabel and Waldroup (1990); Tan and Ohtani (2000) . Plavnik and Hurwitz (1985) noted that substantial reduction in the size of the abdominal fat pad of broilers was not influenced by nutrition during re-feeding. Cabel and Waldroup (1990) reported that reductions in abdominal fat pad could be attributed to early life feed dilution. Tan and Ohtani (2000) observed that early feed restriction reduced carcass fat content in male ducks fed diluted diet not only at the end of 7 d feed restriction but also at 49 of market age when compared to controls. The crude fat contents of carcass at 14 d and 42 d of age are lower in RH40 treatment than in RH0 treatment (p<0.05). This reduction of fat content may be due to fat mobilization for energy supply, and abdominal fat may be mobilized more easily during fasting period (Zhan et al., 2007) . Hornick et al. (2000) also suggested that the adipose tissue react more sensitively than other tissues when animals are under feed restriction. Furthermore, this reduction of fat content could not be caught up until to marketing time. As ducks grew, the carcass moisture decreased and the carcass fat increased while the carcass protein was constant (Zhou et al., 2000) . Peterson and Ellarson (1979) noted that moisture fraction in carcass generally varied opposite to lipids. The carcass moisture was increased (p<0.05) in RH40 ducks compared with RH0 ducks due to the decreased content of fat at 14 d of age.
The hepatic adipose enzyme activities were shown in Table 4 . The activities of MDH, G-6-PDH, and FAS were lower (p<0.05) in RH40 treatment than in RH0 treatment both at 14 and 42 d of age.
In avian species, the liver is the major site for lipogenesis and bone marrow, and adipose tissue and skin make minor contributions (Zhong et al., 1995) . It has been reported that hepatic lipogenesis is highly responsive to nutrient changes in diets, the nutritional state of the bird as well as the amount and composition of feed consumed (Hillgartner et al., 1995). Zhou et al. (2000) confirmed that MDH and G-6-PDH are two NADPH-generating primary enzymes for the support of lipogenesis in growing Peking ducks. FAS is a major biosynthetic enzyme for fatty acid synthesis. A high expression of FAS mRNA was related to increased triglyceride depot in muscle tissue of Pekin ducks (Saez et al., 2009) . Rosebrough et al. (1986) showed that early feed restriction in broiler chickens resulted in a decrease body fat content without reducing the general performance at market age.
In the present study, these hepatic lipogenic enzyme activities were determined to reveal the mechanism of different carcass fat content (Table 4) . At the end of diet dilution period (14 d of age), the activities of G-6-PDH, MDH and FAS in liver of feed-restricted ducks were decreased (p< 0.05) with compared with the control, and the differences (p<0.05) were standing until the end of the experiment (42 d of age). These phenomena of continual reduced hepatic adipose enzyme activities by early diet diluted in birds had reported in many literatures. Rosebrough et al. (1986) observed reductions in both liver size and lipogenesis in 12 d-old broiler subjected to feed dilution from 6 to 12 d. (1999) reported that the carcass fat content in meat-type female ducks at 47 d of age was not different between control (0% rice hull) and feedrestricted treatment (50% rice hull). These phenomena of continual suppressed carcass fat content by early feed restriction in birds might be interpreted hepatic adipose metabolic programming although it has been reported that carcass fat content of ducks was sensitive to change in amount of feed intake at a later stage of growth (Campbell et al., 1985) .
Generally speaking, there has two pathways to regulate the activity of lipogenesis enzymes: hormones that communicate changes in nutritional status to the liver and other organs such as insulin , 1995) . The activities of MDH, G-6-PDH and FAS were inhibited throughout the experimental period. This may be explained by a theory that early age malnutrition sometimes could permanently alter the metabolism of an animal in the absence of the malnutrition stress (Wells et al., 2007) .
Collectively, ducks subjected to diet dilution with 40% Means with different superscripts in the same column are significantly different (p<0.05).
rice hull during 8 to 14 d of age fully recovered body weight and meat yield at 42 d of age, effectively improved feed efficiency in the whole period of experiment, and obviously reduced carcass fat deposition and hepatic lipogenic enzyme activities in meat-type ducks at 14 d of age, and up to market age. The continual suppressed hepatic lipogenic enzyme activities in re-fed period might be the prolonged programming of lipid metabolize. The programming could partly explain the decreased fat accumulation in carcass.
